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phenomenon that the saw blade is caught in a cutting groove of the workpiece, the width should 
be generally set to be larger so that a gap between an inner face of the cutting groove and a body 
section side face of the saw blade becomes large when the cutting groove is worked on the 



When a setting amount of the left and right set teeth is set to be large so that the set width 
becomes large as mentioned above, a burden on the unset tooth and the left and right set teeth 
increases, and thick chips which are approximately equal to the thickness of the respective teeth 
are generated. As a result, the ejection characteristic of the chips is deteriorated. Moreover, the 
left and right set teeth have a tendency to be bent greatly to the right-and-left direction and to be 
elastically deformed due to the component of force in the right-and-left direction at the time of 
cutting. 

Therefore, a height difference is given to the dimensions of the plural saw teeth, and the 
set width of the set teeth with small height is set to be larger than the set width of the left and 
right set teeth with large height. As a result, a burden on the respective saw teeth is reduced and 
the chips are finely divided. With such a structure, abrasion of the saw teeth is reduced, and the 
lif e of the saw blade and the cutting characteristic can be improved. 

However, when the set width is large, the bending of the set teeth to the right-and-left 
direction is large so that the set teeth are inclined greatly. When the chips S are generated 
continuously for a long time at the time of cutting the workpiece W, as schematically shown in 
Fig. 9, the chips have a tendency to flow to a direction which crosses the saw blade BS. As a 
result, the chips S easily enter a gap SL between the side face of the saw blade BS and an inner 
face of a cutting groove G and are easily caught, and the gap SL is easily clogged by the chips S. 
Therefore, there is a problem which should be improved fiirther in the disposal of the chips. In 
this case, it is considered that a chip breaker be formed at the points of the respective saw teeth 
so as to cut the chips generated at the time of cutting a workpiece into pieces. However, the cut 
chips remain in a gullet of the saw blade, and it is undesirable that the chips cut into pieces in the 
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gullet be again cut by the saw teeth. 

Prior examples (e.g., Japanese Patent AppUcation Laid-Open Nos. 6-716 and 6-717) 
disclose a curl forming section formed at the points of the saw teeth so as to curl the chips into a 
small spring shape considering the ejection characteristic and disposal characteristic of the chips 
generated at the time of cutting a workpiece. 

Li the prior saw blades, the set width of the saw blade is set to be large and the width of 
the cutting groove is set to be large so that the gap between the inner face of the cutting groove 
and the side face of the saw blade becomes large and the gap is prevented from being clogged by 
the chips. 

Therefore, in the prior saw blades, as the set width of the saw blade is set to be larger, the 
bending of the set teeth is larger and their inclination becomes great. Moreover, an amount of the 
chips generated by cutting a workpiece is larger, and the whole cutting force becomes large so 
that a large force is created due to the body section of the saw blade. Further, even if the chips 
are curled, the chips have a tendency to gradually come to a sideways direction of the set teeth, 
namely, a direction of the gap between the side face of the saw blade and the inner face of the 
cutting groove due to the great inclination of the set teeth. Further, the chips have a tendency to 
be cut short due to chatter vibration at the time of the cutting. Therefore, the problem of the 
clogging due to the chips still remains, and the chip disposal after the cutting of workpieces and 
improvement of the lif e of the body section of the saw blade becomes problematic. Further, in 
the case where an expensive material is used, for example, there arises a problem of the material 
yielding when a lot of chips are generated. 

SUMMARY OF THE INVENTION 

The present invention has been achieved in order to solve the above problems. It 
therefore is an object of the present invention to provide a saw blade in which a cutting force is 
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further weakened so that the Ufe of a body section of the saw blade is improved. 

To achieve the object, according to a first aspect of the present invention, there is 
provided a saw blade having an unset tooth and left and right set teeth which are set to a 
right-and-left direction, wherein when a thickness of a body section of the saw blade is D and a 
set width is T, a relationship T = D + 2a is estabUshed; and wherein a relationship between the 
thickness D of the body section and the coefficient a is established in a manner such that when 
0.85 mm < D < 0.95 mm, 0.15 mm < a < 0.35 mm is estabhshed; when 0.96 mm < D < 1.2 mm, 
0.2 mm < a < 0.4 mm is established; when 1 .2 mm < D < 1 .5 mm, 0.25 mm < a < 0.43 mm is 
estabhshed; when 1.5 mm < D < 1.7 mm, 0.3 mm < a < 0.5 mm is established; and when 1.7 mm 

< D, 0.35 mm < a < 0.6 mm is estabhshed. 

A second aspect of the invention provides a saw blade in which a small-diameter curl 
forming section for small curling chips generated at the time of cutting a workpiece is provided 
at a tip portion of saw teeth. 

A third aspect of the invention provides a saw blade in which the small-diameter curl 
forming section has a plane rake face, which extends by a predetermined length from the point of 
the saw tooth to a direction of a gullet bottom section of the saw blade, and an arc-like curved 
face which is continuous to the rake face, in the case where a vertical line is drawn from a cross 
position between the curved face and a gullet forming curved face forming the gullet section 
towards a direction of the cutting by means of the saw teeth, a dimension from the vertical line to 
the point of the saw tooth is A, when a radius of the arc-like curved face is R, such that R/2 < A 

< 2R, where R and A are in millimeters. 

A fourth aspect of the invention provides a saw blade in which pitches of the saw teeth 
are unequal with each other. 

A fifth aspect of the invention provides a saw blade having an unset tooth and left and 
right set teeth which are set to a right-and-left direction; and a small-diameter curl forming 
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section for small curing chips generated at the time of cutting a workpiece at points of saw teeth, 
that pitches of the saw teeth are unequal with each other, and the small-diameter curl forming 
section has a plane rake face, which extends by a predetermined length B from the point of the 
saw tooth to a direction of a gullet bottom section of the saw blade, and an arc-like ciuved face 
having a radius R which is continuous to the rake face, and in the case where a vertical line is 
drawn from a cross position between the curved face and a gullet forming curved face forming 
the gullet section towards a direction of the cutting by means of the saw teeth, a dimension from 
the vertical line to the point of the saw tooth is A, a relationship that A < R/2; B < 2 mm and 0. 5 
mm < R < 3 mm is estabhshed. 

According to the present invention, since the set width of the saw blade is set to be 
smaller than the set width of the prior saw blades, the width of the cutting groove of a workpiece 
becomes narrow. Moreover, the yielding of the workpiece is improved and an amount of the 
chips generated by the cutting becomes small so that post-processing becomes easy. 

In addition, since the set width is set to be small, the whole cutting force becomes small, 
and the load which is put on the body section of the saw blade is reduced. As a result, the life of 
the body section can be improved, and noise at the time of the cutting can be reduced, and the 
accuracy of the cut section can be improved. 

Further, since the small-diameter curl forming section having desirable shape is formed at 
the points of the saw teeth of the saw blade, the chips generated at the time of cutting a 
workpiece can be curled into a small-diameter spring form. As a result, the chips are prevented 
from being intertwined each other so that the ejecting characteristic can be improved. Therefore, 
although the set width of the saw blade is set to be small, the clogging due to the chips is 
prevented so that a workpiece can be cut. 



BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

The above and further objects and novel features of the present invention will more ftiUy 
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appear from the following detailed description when the same is read in conjunction with the 
accompanying drawings, in which: 

Figs. 1 A, IB and IC are explanatory diagrams of a saw blade and a saw teeth shape 
according to an embodiment of the present invention; 

Figs. 2A and 2B are graphs showing measured results of a cutting force when one kind of 
workpiece is cut by the saw blade according the embodiment of the present invention and by a 
saw blade with a prior set width under the same cutting condition; 

Fig. 3 is an explanatory diagram showing a state of chips when a workpiece is cut by the 
saw blade; 

Figs. 4A, 4B and 4C are explanatory diagrams showing the saw teeth shape; 
Fig. 5 is an explanatory diagram showing various modes of a rake angle of a 
small-diameter curl forming section formed on the saw teeth; 

Fig. 6 is an explanatory diagram sh owing the saw teeth shape; 

Fig. 7 is an explanatory diagram showing a band saw blade; 

Fig. 8 is an explanatory diagram showing a band saw blade; and 

Fig. 9 is an explanatory diagram showing chips when a workpiece is cut by a prior saw 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

There will be explained below an embodiment of the present invention with reference to 
the drawings. The explanation refers to the case of a band saw blade, but is applicable to a round 
saw blade or the like. 

With reference to Figs. lA, IB and IC, a saw blade 1 according to the embodiment of the 
present invention has an unset tooth 3, and left and right set teeth 5 and 7. The imset tooth 1 is 
not set to a right-and-left direction viewed from a cutting direction of the saw blade (a running 
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direction of the band saw blade with respect to a workpiece, a tangential direction of the round 
saw blade). The set teeth 5 and 7 are set to the right-and-left direction. When a thickness of a 
body section 9 of the saw blade 1 is D and a total set width of both the left and right set teeth 5 
and 7 is T, a relationship is established according to an equation T = D + 2a. The coefficient a is 
a setting amount of the left and right set teeth 5 and 7 to the right-and-left direction. 

The coefficient a establishes the following relationship with respect to the various widths 
D of the body section 9 of the saw blade 1, and the set width of a prior general saw blade is set to 
be small. Namely, 

when 0.85 mm < D < 0.95 mm, 0.15 mm < a < 0.35 mm, and 0.15 mm < a < 0.3 mm is 
desirable in order to set the set width smaller. 

When 0.96 mm < D < 1.2 mm, 0.2 mm < a < 0.4 mm, and 0.2 mm < a < 0.35 mm is 
desirable in order to set the set width smaller. 

When 1.2 mm < D < 1.5 mm, 0.25 mm < a < 0.43 mm, and 0.25 mm < a < 0.4 mm is 
desirable in order to set the set width smaller. 

When 1.5 mm < D < 1.7 mm, 0.3 mm < a < 0.5 mm, and 0.3 mm < a < 0.45 mm is 
desirable in order to set the set width smaller. 

When 1.7 mm < D, 0.35 mm < a < 0.6 mm, and 0.35 mm < a < 0.55 mm is desirable in 
order to set the set width smaller. 

The coefficient a is set within the experimentally desirable range. As the coefficient a is 
smaller, the whole cutting force becomes smaller, and a load, which is put on the body section 9 
of the saw blade 1 at the time of cutting a workpiece, is reduced. It is desirable for improvement 
of the life of the body section, but when the coefficient a becomes too small, an internal stress of 
the workpiece is released due to the cutting of the workpiece. As a result, a phenomenon that a 
width of the cutting groove becomes narrow due to the saw blade 1 occurs, and a phenomenon 
that the saw blade 1 is caught by the workpiece. For this reason, there is a limit in reducing the 
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coefficient a. 

In addition, when the value of the coefficient a is set to be large, the set width becomes 
large similarly to the prior art, and the bending of the set teeth becomes large. The inclination 
angle of the set teeth becomes large and the whole cutting force becomes large, and the load 
which is put on the body section 9 of the saw blade 1 becomes large. As a result, this is not 
desirable for the improvement of the hfe of the body section. 

Therefore, the coefficient a is set experimentally within the desirable range. 

hi the saw blade 1, respective pitches PI through P5 of the unset tooth 3 and the left and 
right set teeth 5 and 7 in a combination pattern where a plurality of saw teeth are combined are 
set to be unequal. Moreover, the small-diameter curl forming section 1 1 for slightly curling chips 
generated at the time of cutting a workpiece is provided to the points of the respective saw teeth 
3, 5 and 7. 

More specifically, the small-diameter curl forming section 1 1 has a plane rake face 19 
and a curved face 21 . The rake face 19 extends by a predetermined length B firom the point 13 of 
the saw tooth 3 (the saw teeth 5 and 7) to a direction of a bottom portion 17 of a gullet section 15 
of the saw blade L The curved face 21 is provided along an arc of a radius R continuously to the 
rake face 19. A vertical line L is drawn fi^om a cross position 25 between the arc-like curved face 
21 and a gullet forming curved face 23 forming the gullet section 15 to a direction of the cutting 
by means of the saw tooth 3 (the running direction of the band saw blade, the tangential direction 
of the round saw blade). When a dimension fi-om the vertical line L to the point 13 of the saw 
tooth 3 is A, a relationship that R/2 < A < 2R is established. The dimension A is set to be larger 
than the dimension of the prior example. 

When the dimension A of the small-diameter curl forming section 1 1 is set to be large in 
such a manner, chips which are generated at the time of cutting a workpiece move along the rake 
face 19 so as to reach the arc-like curved face 21. At this time, the chips can be curled more 
securely along the curved face 21. When the dimension A becomes too small, restricting time of 
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the chips by means of the arc-like curved face 21 (restricting distance) is short, and the curling 
diameter of the chips becomes larger, that is not desirable. However, the pitches of the respective 
teeth in the saw teeth combined pattem are set to be unequal so that the curling diameter can be 
the same as that in the prior example. 

Namely, relationships that A < R/2, B < 2 mm, 0.5 mm < R < 3 mm can be estabhshed. 
Even in the case where the dimension of the small-diameter curl forming section 1 1 is set to be 
the same as that of the prior example, since the pitches of the respective teeth are unequal, it is 
restrained that the chips are cut into pieces, and the chips are curled satisfactorily. As a result, the 
set width can be narrower than the set width of the prior saw blade. 

When the dimension A of the small-diameter curl forming section 1 1 of the saw tooth 3 is 
set to be large as mentioned above, the curling diameter of the chips wound like a spring can be 
small. This is desirable for further reducing the set width T. A flank 27 of the saw tooth 3 or the 
like is formed into a suitable shape. 

In the above structure, a workpiece (material: SCM 440 and its diameter is 250 ^) is cut 
by the saw blade with normal set width, in which the thickness D of the body section in the saw 
blade and the pitches P of the saw teeth and the saw teeth shape are the same as above ones and 
the coefficient a is 0.42 mm, and by the saw blade with narrow set width, in which a is 0.25 
mm, under the same condition. As shown in Figs. 2A and 2B, the cutting forces, i.e., a cutting 
force and a thrust force are greatly different between both the cases that the workpiece is cut by 
the saw blade with normal set width and by the saw blade with narrow set width. 

As shown in Fig. 3, the chips S being generated are curled into a small-diameter coil or 
spring shape at the small-diameter curl forming section 1 1 and are positioned in the gullet 15 of 
the saw blade 1 . An amount of the chips that enter the gaps SL between the side face of the saw 
blade 1 and the inner face of the cutting groove G is slight so that the gaps SL are not clogged. 
Namely, since the set width of the left and right set teeth 5 and 7 is small and the bending to the 
right-and-left direction is small, the inclination angle of the set teeth is small. For this reason, a 
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tendency of the generated chips to flow sideways is low, and the chips are curled so as to remain 
in the gullet 15. 

In addition, since the pitches P of the saw teeth are unequal, chatter vibration of the saw 
blade 1 is prevented so that the cutting of the chips into pieces due to the chatter vibration is 
prevented and the chips are continuous chips. The chips are curled satisfactorily at the 
small-diameter curl forming section so as to have small diameter, and thus clogging does not 
occur. Further, since the cutting force is small, a nose at the time of the cutting is reduced, and 
accuracy of the cut section is improved. 

Namely, according to the embodiment of the present invention, since the set width of the 
saw blade is set to be smaller than the set width of the prior saw blade, the cutting force can be 
small, and the load which is put on the body section of the saw blade is reduced so that the life of 
the body section can be improved. Moreover, the curling diameter of the chips into spring shape 
or the like generated at the time of cutting a workpiece can be small, and the ejection 
characteristic of the chips can be improved. Furthermore, since the set width of the saw blade can 
be narrow, an amount of chips of an expensive material can be small, and the yielding can be 
improved. 

As for the shape of the small-diameter curl forming section 1 1 of the saw tooth 3 or the 
like, as mentioned above, the structure having the rake face 19 and the arc-like curved face 21 is 
desirable. However, as shown by an imaginary line 21 A in Fig. 4 A for example, the arc-like 
curved face 21 can be formed on a suitable inclined face, hi this case, the curling diameter of the 
chips are different according to the inclination angle of the inclined face 21 A, and the chips are 
occasionally folded. As a result, this inclined face is not very desirable. 

Further, as shown in Figs. 4B and 4C, a plurality of inclined faces 21B and 21C are 
provided along the arc-like curved face 21 so that a polygonal concave face can be formed. In 
this case, since the shapes are along the arc-like curved face 21 to some degree, these shapes are 
more desirable than a simple inclined face. 
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In addition, as schematically shown in Fig. 5, the rake angles of the rake faces 19 of the 
small-diameter curl forming sections 1 1 of the respective saw teeth 3 or the like are 91, 92, ... 
95. The rake angles 01, 92, ... 95 are set to be equal with each other, or different from each 
other, or a suitable number of the rake angles 91, 92, ... 95 are equal with each other. In such a 
manner, it is desirable that the rake angles 91, 92, ... 95 are set suitably according to the height 
dimensions and the pitches of the saw teeth or correspondingly to the unset tooth or left and right 
set teeth. 

For example, in order to improve a cutting characteristic for a workpiece, the rake angle 9 
of the saw tooth with high height of the saw blade is set to be large and the points 13 of the saw 
teeth have more acute angles. Moreover, in the case of saw teeth with large pitches, the cutting 
load becomes large. For this reason, the rake angles 9 is set to be smaller and the angles of the 
points 13 of the saw teeth are made to be larger so that the wear and abrasion resistance is 
improved. In such a manner, it is desirable to set the rake angles 9 to desirable angles according 
to the function and load of the respective saw teeth. 

Further, as for the shape of the saw teeth 3 or the like, as shown in Fig. 6, a very small 
projection 29 may be provided onto the flank 27 of the saw tooth 3. In this case, the very small 
projection 29 is formed so as to be lower by a dimension H from the point 13 of the saw tooth 3. 
Therefore, in the case where chipping of tooth occurs at the point 13 for example, the very fine 
projection 29 comes in contact with the workpiece W so as to limit deep cutting of the saw teeth 
3 or the like due to the workpiece. As a result, abrupt increase of the load due to the chipping of 
tooth or the like is limited. 

As understood, the small-diameter curl forming section 1 1 can be formed at the points of 
the saw tooth 3 or the like regardless of the shapes of the saw tooth or the like. For this reason, 
the small-diameter curl forming section 1 1 is formed on the respective saw teeth of the prior saw 
blades so that the chips generated at the time of cutting a workpiece can be curled into a 
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small-diameter spring form. Moreover, the set width can be smaller. 

Further, the band saw blade BS can have a sine curve shape as shown in Fig. 7, or can be 
constituted so that a concave section 31 and a convex section 33 having suitable length are 
provided alternatively to a rear face with suitable intervals as shown in Fig. 8. 

With such structures, the workpiece is gradually cut by the saw teeth so that the cutting 
characteristic for the workpiece having work hardening characteristic is improved. 

Moreover, a length of the chips generated at the time of cutting the workpiece is cut 
periodically so that excessive lengthening of the chips is regulated. Therefore, an outer diameter 
of curls of the chips formed at the small-diameter curl forming section 1 1 formed on the saw 
teeth can be prevented from becoming large excessively. 

In the saw blade, in the structure having a plurality of saw teeth with different tooth 
heights, the set width of the saw teeth with small height is set to be larger than the set width of 
the saw teeth with large height similarly to the prior saw blade. Further, the set width T of the 
saw teeth with small height is set so that the equation (T == D + 2a) is satisfied. Therefore, the 
maximum set width of the saw blade is set so as to smaller than the maximum set width of the 
prior general saw blade. 

Although the invention has been described above by reference to certain embodiments of 
the invention, the invention is not limited to the embodiments described above. Modifications 
and variations of the embodiments descried above will occur to those skilled in the art, in light of 
the above teachings. The scope of the invention is defined with reference to the following 
claims. — 

IN THE CLAIMS : 

Please cancel Claims 1, 2 and 5 without prejudice to the subject matter therein. Please 
amend Claim 3 as follows: 
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—3. (Amended) A saw blade, comprising: 
an unset tooth; 
a left set tooth; 
a right set tooth; 

wherein the left set tooth and the right set tooth are set to a right-and-left 



wherein when a thickness of a body section of the saw blade is D, and a set width 
is T, and where a is a setting coefficient, a relationship that T = D + 2a is established; 

wherein a relationship between the thickness D of the body section and the 
coefficient a is established in a manner such that 



when 0.85 mm < D < 0.95 mm, 0.15 mm < a < 0.35 mm is established; 
when 0.96 mm < D < 1.2 mm, 0.2 mm < a < 0.4 mm is established; 
when 1.2 mm < D < 1.5 mm, 0.25 mm < a < 0.43 mm is estabUshed; 
when 1.5 mm < D < 1.7 mm, 0.3 mm < a < 0.5 mm is estabhshed; or 
when 1.7 mm < D, 0.35 mm < a < 0.6 mm is established; 



wherein the small-diameter curl forming section has a plane rake face, which 
extends by a predetermined length from the point of the saw tooth to a direction of a 
gullet bottom section of the saw blade, and a curved face which is continuous to the rake 
face; 

wherein in the case where a vertical line is drawn from a cross position between 
the curved face and a gullet forming curved face forming the gullet section towards a 
direction of the cutting by means of the saw teeth, when a dimension from the vertical 
line to the point of the saw tooth is A and when a radius of the curved face is R, a 
relationship that R/2 < A < 2R is established; and 

wherein a small-diameter curl forming section for small curling chips generated at 



direction; 



000004.00659/35277288vl 



